Prostatic cancer (CaP) is a major cause of mortality and morbidity in men. Prostate specific antigen (PSA)\ can be used to find cases of prostatic cancer, but at some cost. The clinical biochemistry of PSA has been comprehensively reviewed in a recent issue of this journal.' The pros and cons of using PSA as a screening tool for prostatic cancer have also been extensively reviewed.r? Screening for CaP is influenced by technical factors governing test performance, the natural history of the disease, health economic and ethical factors. Purists would argue that screening is something that is applied only to populations, while others would argue that screening is looking for disease in an asymptomatic person. There is potential for conflict in balancing population interests against individual interests. The body of informed opinion is currently against the use of PSA as a screening tool for prostatic cancer. However, the numbers of PSA tests performed in clinical laboratories are rising as evidenced by a 90% increase within the authors' laboratory over the last year. In part this reflects the ad-hoc use of PSA as a screen for CaP, a practice which generally lies outwith a formal population based screening programme and is not a planned healthcare strategy.
Virtually all of the prospective trial data on the use of PSA as a screening test has been derived using the Hybritech Tandem total PSA assay. A search for greater diagnostic specificity has lead to the use of PSA density, PSA velocity and, more promisingly, 'free' PSA. However, none of these techniques have been evaluated in prospective trials. In this personal view we discuss the important issues raised by ad-hoc testing, and consider unresolved issues in relation to screening and the potential problems posed by new assays. We offer some advice to the patient or doctor who asks for a PSA test and for the laboratory worker who has to perform the 'gatekeeper' role.
The incidence of prostatic cancer is increasing, partly as a result of greater ascertainment but also because of increased longevity. It is second to lung cancer as a cause of mortality and morbidity in men with malignancy." The prevalence of prostatic cancer in postmortem series is reported to be as high as 32·9% compared to the prevalence of clinical disease, which is around 1·2%.5 This implies that most prostatic cancers do not progress to clinical disease. Notwithstanding this, advocates of screening point to the need for detection of localized cancer for early curative treatment. Opponents of screening point to the costs of screening and the uncertainties about the benefits of intervention. However, they do not offer an alternative strategy for reducing the mortality and morbidity associated with this common disease.
The rationale for screening for prostatic cancer as with any other screening programme are based on a management strategy in which there are three components. (1) Case finding: how effective will the test(s) be at finding the disease? (2) Prognosis: how good will it be at predicting the natural history of the disease? (3) Treatment: is there an effective and acceptable treatment for the disease?
CASE FINDING
The most evaluated methods used for case finding are serum PSA, digital rectal examination (DRE) and transrectal ultrasound (TRUS). Most screening studies have used needle biopsy to confirm the diagnosis but studies differ in the combination of the methods used. The highest cancer detection rates (4 to 5%) have been obtained by using a combination of PSA and DRE with systematic segmental needle biopsy of positive cases. TRUS on its own is less sensitive than PSA in detecting lesions." Ascertainment of the true prevalence of CaP requires definitive diagnosis in all subjects studied including those screened negative. This is impractical since it would depend on the use of invasive methods. Estimates of sensitivity range from 57-79% and specificity from 59--68%.7 In a series of 278 patients all of whom were evaluated by ultrasound guided biopsy, PSA had a sensitivity of 79% and a specificity of 58%. 8 The true sensitivity of all three screening methods is related in part to the size of the tumour. The majority of tumours in postmortem series are less than 0·05 mL in volumev' and at best the lower limit of detection using PSA is about 0·5 mL. 7 This may be an advantage in selecting out small tumours which may be clinically unimportant. In fact, most tumours detected by screening have volumes in excess of 4 mL. 4 By all known criteria, these tumours have the same biological potential as those discovered by DRE.
Because of the difficulty in assigning the correct diagnosis to those screened, it is more useful to consider the predictive value of screening tests. In a large screening study where systematic segmental biopsy, combined with TRUS guided biopsy of identifiable lesions was used as an end point, combination of PSA, DRE and TRUS had a positive predictive value (PPV) of 54·7%. PPV of PSA alone was 31·5% and that of a combination of PSA and DRE was 48'5%.9 Applied as a screening test to asymptomatic men the PPV for PSA is a function of the relative prevalence of CaP and benign prostatic hyperplasia (BPH), the reference range and the true specificity of the test. The lack of specificity of PSA generates 'unnecessary' biopsies at a ratio of 2:1, which increases the cost. This disadvantage could be ameliorated by improvements in assay performance.
Although case finding using PSA is a practical proposition despite the cost, the uncertainties of subsequent clinical management ought to discourage informed doctors from requesting the test outwith a clinical trial, or at least a structured programme. However, the high negative predictive value acts as an inducement to do the test. We have anecdotal experience of PSA being used in the 'well man clinic' context. In prospective studies done so far about 85% of subjects show negative test results (PSA < 4 JlgjL) and the estimated prevalence of CaP in this group is I % (about 20% of all CaP in the population). This means that in the 15% of the population who have raised PSA 80% of CaP is found and in the 85% of the population who show negative result 20% of CaP is found. From an individual's perspective, the test has a negative predictive value between 98 and 99%. Therefore those testing negative have a 1-2% Ann Clin Biochem 1997: 34 risk of having CaP against an original population risk of 5-6%. Patients and their doctors are bound to find this reassuring. Furthermore, annual follow-up of patients testing negative while yielding some localized cancer, reveals a very low incidence of metastatic cancer. \0 The risk and the cost of the screening is that for every 1000 asymptomatic men tested 150 will test positive and will require a biopsy. Of these, about 50 will have a CaP diagnosed and will be offered treatment, although at present there is no firm evidence that treatment is beneficial.'! The other 100 may be subsequently reassured, but at the expense of some increased anxiety and possible morbidity. This dilemma is now familiar in the USA and a recent article in the Scientific American'? concludes that it is for the patient to decide. Notwithstanding that sensible conclusion, PSA is particularly useful where the pre-test probability of CaP is high such as in those with a family history or in black populations. 13 
Implications of new assay methodology
There are now many analytical methods for measurement of serum PSA and new methods are still being developed, although the Hybritech method is often used as the de facto reference method. These new methods may show different reactivity to free and complexed PSA and this creates problems in standardization and interpretation of results when the proportion of free and complexed PSA varies. The microheterogeneity of the PSA molecule and the multiple epitopes against which antibodies are directed may lead to major differences between assays of different design particularly with the use of monoclonal antibodies." Some assays claim to detect the different forms of PSA in an equimolar way and this clearly ought to be the goal for all methods. The interpretation of results, therefore, must be done with knowledge of the characteristics of the analytical method used. This may not have been done in early studies and may lead to discrepancies with studies using newer methods. 14 The bulk of data on the diagnostic accuracy of PSA in prospective screening studies applies to total PSA. The heterogeneity of PSA and the multiplicity of new assay designs may have both quantitative and qualitative implications for the tumours detected. The biological potential of tumours detected by different assay methods should be carefully evaluated. Increased sensitivity of tumour detection is not necessarily a benefit if smaller tumours are more benign. We are concerned that commercial pressures may be promoting change to 'free' PSA methods with inadequate evaluation particularly when applied to asymptomatic men. Where 'free' and total PSA measurements are advocated the increased cost has to be justified.
Specificity
The specificity of the primary screening test, PSA, impacts on the biopsy rate. A reduction in the number of unnecessary biopsies would reduce costs and improve the acceptability of the programme to patients. Based on technical knowledge of currently available PSA measurements and the natural history and epidemiology of prostatic cancer it is possible to crudely cost a screening programme. An assay for total PSA applied as a screening test to men aged between 50 and 70 will give a positivity rate of 15% and about one-third of these (5%) will have a clinically significant cancer when submitted to systematic biopsy. In a health region with about 600000 men in this age group, 90000 will have a positive PSA and 30000 will have a positive biopsy. The cost of finding these cases can be estimated as £15 million:-£5 million for PSA and £10 million for biopsy. The relative cost of these two procedures implies that developments to improve the specificity of PSA testing will be cost effective by reducing biopsy rates as biopsy costs are less likely to be significantly reduced.
Implications of choice of reference ranges
The reference range for the Hybritech Tandem R assay was derived from studies on men under 60 years of whom 80% were under 50 years. IS Given the increased prevalence of sub-clinical CaP with age, this is one way of selecting a cancer free reference population. The widely accepted upper limit of the reference range of 4 jlg/L is derived from these studies. However, large screening studies have shown that between 18 and 28% of individuals with CaP had PSA concentrations less than 4 jlg/L. 1 6 Labrie et al. 17 in a screening study examined the effect of varying the cut-off value and found that using 3 jlg/L as the cut-off value the PPV was 24·1% and the sensitivity was 81% compared with figures of 32·5% and 71% at the higher cut-off value of 4 jlg/L. They therefore traded off an increased false positive rate for improved sensitivity.
Three large studies have shown that PSA increases with age 18 -20. This has been attributed to an increased mass and an increased leakiness of prostatic tissue with age. The mean PSA values for men aged 50-70 by quintiles of age are: 3'9, 4'2, 5'7, 6-4 and 7·6jlg/L. There are also racial differences. For example Japanese pave lower concentrations and black Americans have higher concentrations than whites 19,20, while the relationship with age is retained in each racial group. The racial mixture of the screened population should be taken into account when designing screening studies and there is a need to establish race specific reference ranges for UK populations. Reference ranges used in screening studies have not taken account of the effect of physiological factors, such as ejaculation, on serum PSA. However there are conflicting views 21-23 on the effect of ejaculation.
In screening studies, changing the cut-off value for PSA plays off sensitivity against specificity. When a single cut-off is used for the whole population, specificity diminishes as the age of the screened population increases. As the cut-off level is decreased, sensitivity will increase for all age groups but a greater effect would be expected in younger men. The use of age adjusted reference ranges has been shown to reduce the biopsy rate by 22%.20 This is a combined effect of changes in specificity and sensitivity on the PPV. Playing off specificity against sensitivity of PSA in the detection of CaP has been more formally analysed using receiver-operator characteristic curves. 18,19. One analysis'? suggested that age adjusted cut-offs could be derived which maintain sensitivity at 95% for all age groups with acceptable compromises in specificity. However, in this study patients with PSA < 4 jlg/L were not biopsied unless they had an abnormal DRE and therefore both sensitivity and specificity will be overestimated as tumours associated with only a raised PSA are not looked for. The use of age adjusted reference ranges should be studied in prospective screening trials. However, this may be obviated by the use of the free/total PSA ratio, which is reported not to change with age. 24 This issue of tumour stage needs to be considered in relation to the reference range. The lower the PSA, the greater the proportion of organ confined CaP. This is particularly evident when pathological as opposed to clinical staging is used, but the figures for pathological staging can only be derived from those subjects progressing to prostatectomy. For example, Cantalona et al. 9 showed that within the bands, 0·0-4'0, 4·1-9·9, 10-19·9 and >20/lg/L the proportion of organ confined tumours were 88%, 78%, 52% and 27%, respectively. A pragmatic choice of reference cut-off can be made with the aim of maximizing the detection of localized CaP and minimizing the biopsy rate based on the PPV of PSA at various cut-off levels. Since ad hoc screening is by definition not a laboratory directed activity these issues have rarely been addressed. The pathological stage of CaP discovered in screening trials should be evaluated as a short-term proxy for clinical effectiveness.
It is important to make a clear distinction between reference ranges used in screening studies and those used in the evaluation of symptomatic patients. Benign conditions such as acute retention of urine and prostatitis can cause up to fivefold increases in PSA independent of any associated Cap. 20 The diagnostic performance of PSA in identifying localized CaP would be considerably impaired under such circumstances. The test is useful, however, in identifying patients with metastatic disease and particularly with bone involvement. Decision levels of PSA appropriate to the purpose should be derived. Urologists have often evolved their own pragmatic decision levels.
PROGNOSIS
Currently a serum PSA measurement applied to an asymptomatic individual can provide an assessment of risk of CaP. On average a positive result in a 50-70-year-old man is associated with a 30% risk of CaP.
There is a tendency for total PSA concentrations to increase with tumour volume and there is a broad positive correlation between PSA and tumour stage. These relationships are weakened by the tendency for the more poorly differentiated tumours to produce less PSA per unit volume." These relationships may be different for different molecular forms of PSA. It seems likely that the prognostic role of PSA will relate to its value as an index of metastatic spread. There is a need for improvement in techniques for the assessment of the malignant potential of prostatic tumours.
In the European Community the cumulative lifetime risk of CaP, up to the age of 74, is 3·9% and the mortality is 1,2%.5 It is not known what proportion of CaP presenting through screening will progress to clinical disease and the chance of Ann Clin Biochem 1997: 34 dying from the disease will decrease with age. The slow natural history of CaP has led to the suggestion that screenees should have a life expectancy of at least 10 years in order to benefit from early detection of Cap. 4 TREATMENT As in any screening programme the patient should be properly counselled to explain the implications of a positive test, the need for a biopsy and the various treatment options. This will be more difficult when dealing with patients screened in an ad hoc manner as follow-up investigations and management will not have been scheduled. The potential health benefits and risks of screening and treating CaP have been recently reviewed.' Further clinical trials are necessary to establish the best management of these cases. The recent observation that endocrine therapy slows the progression of localized tumours, if confirmed, would strengthen the case for screening.j" General acceptance of the effectiveness of screening for CaP must await the outcome of clinical intervention trials.
CONCLUSION
At present screening for localized CaP offers the only means of reducing the substantial mortality and morbidity attributable to this disease. PSA is certainly an effective casefinding tool. However, the ease with which PSA testing can be applied on a wide scale poses logistical and ethical problems. Significant costs are incurred by screening because localize CaP is common and confirmatory testing is relatively expensive. New methods such as free PSA may reduce costs by reducing the number of biopsies and age-adjusted reference range may improve sensitivity. The impact of different reference cut-offs and newer methods should be studied in prospective clinical trials. However, as only a fraction of the tumours detected progress to clinical disease there is a difficulty in balancing the risks and benefits of curative treatment. We believe that it is vital that case finding programmes are integrated into intervention trials. The ready availability of PSA assays should not be allowed to drive screening ahead of the evidence. However, there is good evidence for screening men at high risk and populations with a high prevalence. The key issue in our view is that the total management of the patient should be thought through. We are concerned at the increase in PSA testing outwith a structured programme. Because of the lack of evidence for the overall effectiveness of screening for CAP, it has not yet been adopted as a funded healthcare strategy. Screening should not be undertaken on an ad hoc basis, which leaves the bill to be met from local laboratory budgets. But due to publicity in the popular press, patients may well ask to be screened. Only by planning a local and national strategy for managing prostatic cancer can the serous practical and ethical problems presented by such a request be prevented. The onus is on general practitioners, urologists, clinical biochemists and histopathologists to formulate such an approach. Laboratories should publish guidelines on agreed best practice for PSA testing. Choices of PSA assay, reference range and criteria for the population to be screened are interactive in case finding and also may impact on the overall clinical effectiveness of a scheme. Guidelines may well differ between centres depending on the extent to which the various issues have been addressed. There may for instance be a particular expertise in radical prostatectomy. Piecemeal ad hoc testing does not address the healthcare problem, is not accessible to audit, is wasteful of resources and should be discouraged. If its potential is to be translated into real healthcare benefit, there is a need for a nationally coordinated assessment of case finding methodology linked with studies on the biological potential of tumours and closely integrated with clinical intervention trials.
